Since its discovery by Zinder and Lederberg in 1952 (26) , bacteriophage-mediated transfer of genetic material (transduction) has been found to occur in many species of bacteria. It may well be the most common mechanism of genetic exchange in bacteria. Both bacteria capable of carrying out transduction and their phages have been found in soil, freshwater, and marine and estuarine waters and sediment (3, 16, 18, 22) . However, little work has been done to estimate the frequency of transduction among natural populations of bacteria in nature. With today's concern over the introduction of artificially produced bacterial genotypes into the environment, it seems timely to investigate the potential occurrence of genetic transfer in the natural environment.
The purpose of this study was to determine whether transduction could occur between a lysogenic donor bacterium and a susceptible recipient bacterium in the presence of the nutritive, thermal, and ionic limitations encountered in a freshwater environment. The bacterium chosen for this study was Pseudomonas aeruginosa, a common soil microorganism which has been extensively characterized genetically (5) (6) (7) 24) . Several transducing phages are known for P. aeruginosa (8, 9) , including bacteriophage F116, which was used in this study. This phage has been characterized (8, 11, 12) and is a generalized transducing vector (8) .
At first thought it seems unlikely that random contact of a phage with a compatible host or of a donor cell with a recipient would occur in situ due to the vast dilution potential of a lake or river. However, bacterial cells and phage particles can accumulate and come into close proximity to one another at high concentrations in certain microenvironments. Primrose and Day (16) found P. aeruginosa-specific phage particles in concentrations as high as 2.0 x 103 plaqueforming units per liter of river water downstream from a sewage effluent. In addition, both bacteria and phage particles have been shown to adsorb to particulate matter in water both at high electrolyte concentrations (18) and at concentrations encountered in freshwater (3). It has also been shown that both viruses and human pathogens are concentrated by filter-feeding mollusks (3, 22) The four chambers were secured with weights, tethered to floats, and suspended at a depth of about 1 m below the surface of the lake. Samples were taken at 1 h, 4 days, and 10 days. A 1.0-ml sample was removed from each chamber at each time point with a sterile syringe and was immediately transported back to the laboratory to be assayed (about 0.5 h).
RESULTS
Laboratory transduction assay. A preliminary transduction experiment was performed in the laboratory prior to the in situ studies. In this experiment RM2054 was infected with a lysate of F116 (prepared on RM2060) at a multiplicity of infection of 3.15 . After incubation at 37°C for 20 min to allow for adsorption, 0.1 ml of the suspension was plated on L-agar plates containing streptomycin. In this experiment, str-910 was transduced to RM2054 at a frequency of 3.3 x 10-5 transductants per recipient.
In situ transduction assay. The physical and chemical characteristics of the field site during the course of the in situ transduction experiment are given in Table 2 . These data indicate a relatively constant environment during the time span in which the in situ experiments were performed. Transduction of strain RM2054 by F116 at this in situ site was comparable to the laboratory frequency after 1 h of incubation in lake water (Fig. 2B) . The frequency of transduction was 5 x 10-6, 1.2 x 10-2, and 9.5 x 10-1 transductants per recipient for 1 h, 4 A more exciting result was found in the chambers containing a lysogenic strain (RM2060) capable of donating Strr through F116-mediated transduction to RM2054 (Fig. 2C and D) . The mean transduction frequencies in these chambers were 1.4 x 10-5, 5.9 x 10-, and 8.3 x 10-2 after 1 h, 4 The rate of appearance of transduced cells in these chambers (Fig. 2C, D) is comparable to the rate of appearance of transduced cells in chamber B, which contained a transducing lysate of phage F116 (Fig. 2B) (27) . Such factors may have accounted for some of the population growth observed in this study (Fig. 2) . However, the diffusion into the chambers of oxygen, organic and mineral nutrients, and toxic agents does undoubtedly occur. In addition, temperature fluctuations, a very important variable, are closely approximated within the chambers. In essence, the test chambers employed in this study were far superior to laboratory assays in simulating natural field conditions and were immeasurably more ethical and practical than attempting to dose an entire aquatic habitat with phage, donor, and recipient cells.
Transduction frequencies of streptomycin resistance using a cell-free lysate of phage F116 were comparable in laboratory and in situ experiments. More interestingly, phage-mediated transduction of str-910, in experiments where transducing particles were produced by spontaneous induction of a lysogenic strain in situ, was as frequent as when a laboratory-produced transducing lysate was present in the test chamber.
Apparent transducing frequencies after 4 and 10 days of incubation in the aquatic environment were quite high. It is likely that this frequency of transduction is artificially elevated due to several factors. First, the decrease in the total viable population after 10 days of incubation may have increased the portion of cells that had undergone transduction. This is probably not a highly significant factor, since there was no apparent selection for streptomycin-resistant organisms ( which is approximately six times greater than the figure obtained for the frequency after 1 h of incubation, indicates that the frequency of transduction remained essentially constant throughout the in situ incubation. It is exciting to speculate on the significance of phage-mediated gene transfer in natural environments. Reanney (17) has discussed the potential importance of various types of gene transfers and their relationship to microbial evolution. In this respect, the "genospecies" concept (17) can relate directly to phage-mediated gene transfer and the production of physiologically aberrant bacterial strains, the nemesis of the taxonomist studying environmental isolates. Furthermore, genome size conservation may be considered possible since it would not be necessary for every individual within a population to have a constitutive gene for every potential physiological characteristic of that population.
Gene transfer from extra-environmental microorganisms to isolates from natural habitats is documented (15) . Such transfers may play a part in the ubiquity of antibiotic-resistant microorganisms in natural environments (1, 15) , as well as the perpetuation of antibiotic resistance among natural populations (1). In addition, utilizable substrate transmissibility, observed in the enterobacteria (19) , could also operate for other environmental microbial populations. Although these phenomena are related primarily to conjugal plasmid transfer, the transduction of plasmid DNA has also been demonstrated under laboratory conditions (4, 13, 23) . This raises interesting questions concerning Pseudomonas, which demonstrates plasmid-dependent metabolism of rather exotic hydrocarbon substrates (4, 25) as well as heavy metal resistance (20) .
The results of this investigation demonstrate the ability of phage F1 16 to transduce susceptible P. aeruginosa under field conditions. Bacteria and phage densities were optimized to detect transducible phenotypic expression (i.e., antibiotic resistance). This manipulation of population densities was justified by the occurrence of localized high concentrations of susceptible bacteria and phage in aquatic sediments and wastewater (18, 21, 22 
